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MohammadKoohmaraie,StevenC.Seideman,andJohn D.Crouse'
Factors Associated with Tendernessof Three Beef Muscles
Introduction
Tendernessis the prominentqualitydeterminantand
probablythe most importantsensory characteristicof
beef steakand roastmeat.Currentlypostmortemaging
(storageof carcass at refrigeratedtemperaturesfor 8 to
14 days)appearsto be the best methodfor producing
tender meat. Although the improvement in meat
tenderness as a result of postmortem aging is
measurablebothsubjectivelyandobjectively,theexact
mechanism responsible for this improvement in
tenderness is unknown.
It is well knownthatdifferentmuscleswithinthesame
carcass reactdifferentlyto postmortemstorage;for ex-
ample,tenderloin is tenderto begin with and does not
improvesignificantly with postmortemstorage, while
ribeyeis thetoughestmuscleinitiallyandimprovesgreat-
ly with postmortemstorage.The purposeof these ex-
perimentswas to attemptto answerthefollowing ques-
tions: 1)Why aresomemuscles (e.g.,tenderloin)tender
at 24hr postmortemandnonresponsiveto postmortem
aging? and 2) Why do some muscles (e.g.,ribeye and
tenderloin)responddifferentlyto postmortemaging?
Procedure
Eight heifers with similar backgrounds were
slaughtered. At 45 min postmortem,one-half of the
Longissimus dorsi (LD; ribeye), Psoas major (PM;
tenderloin),andBiceps femoris(BF; bottomround)were
removedfromonesideof eachcarcass.Eachmusclewas
then cut into samples for extraction of calcium-
dependentprotease-I(CDP-I),CDP-II, CDP inhibitor,and
lysosomalenzymes,and for determinationof moisture,
fat,andcollagen(amountandsolubility).Shearforcewas
determinedon cooked steaks from each muscle after
days 1 and 14 postmortemstorage.
Results
On wet or dry basis, the PM hadthe highest fat con-
tent,followed by LD, andthen BF(Table1),while theex-
actopposite patternwasobservedfor moisturecontent.
Dataregardingthe amountandsolubilityof collagenare
reportedin Table 3. BF hadsignificantly morecollagen
than LD and PM. In termsof collagensolubility,PM had
the highest percentageof soluble collagen followed by
LD and BF (differences betweenPM and LD were not
statistically significant).
Shearforce valuesat differentpostmortemtimesare
presentedin Table 1.At day 1, PM was the most tender
muscle (shearforce =8.71),while LD muscle was the
toughest (shearforce = 18.15),and BF had the shear
force value of 13.55.After seven days of postmortem
storage,PM was still the mosttendermuscle but,most
importantly, was virtually unaffected by postmortem
storage.BF hadashearforce of 13.55at day1and10.30
at day 14(a 3.25Ib decrease in shear force valueas a
resultof postmortemstorage).LD hadashearforcevalue
of 18.15at day 1and10.90atday 14(a7.251bdecrease).
'Koohmaraieis a researchfood technologistandCrouse is
the research leader, Meats Unit, MARC; and Seideman is
employedby BryanMeats,West Point, Mississippi (formerlya
researchfood technologist, MARC).
Therefore,in termsof agingresponse(decreaseinshear
force valuesas a resultof postmortemstorage),LD had
the highest aging response, followed by BF and PM.
CDP-I, -II and CDP inhibitoractivitiesare reportedin
Table 2. LD hadthe highestCDP-I, CDP-II, and inhibitor
activities,followed by BF andthen PM. LD muscle had
approximatelytwice the CDP-I, -II, and inhibitoractivity
of PM muscle. Results of this experimentindicatethat,
for all three muscles, the ratioof CDP-I:CDP-II was ap-
proximately1:1andthe ratioof CDP-I + CDP-II:inhibitor
was also 1:1.
Unlikethe resultsof CDP activities,no particularpat-
ternwas observedfor cathepticenzymes(Table2).The
activitiesof cathepsinsB, H, and B +L arealmost iden-
tical betweenmuscles.
Results of sarcomere length and fiber type
characteristics are presented in Table 3. PM had the
longest sarcomeres,followed by BF and LD. These dif-
ferences were statistically significant.
Fibertypecharacteristicresults(Table2)indicatethat
PM had the highest percentageof red fibers and the
smallest percentageof intermediatefibers when com-
paredto LD and BF (P <0.05).LD and BF weresimilar in
fiber type characteristics.PM hadthe smallestaverage
fiber area;BF, intermediate(P <.05);andLD, the largest.
Results of this experimentdemonstratethat,at 24hr
postmortem,these three muscles differ significantly in
shear force. How could one explain these differences?
It has beentheorizedthattwo musclecomponents,col-
lagen and the contractile apparatus, determine
tenderness.It is nowclearthatcollagenqualityis much
moresignificant thanquantity.However,we cannotex-
plaintheselargedifferencesinshearforcevalues(Table
1),neitherin termsof collagenamountnorsolubility.Col-
lagensolubilities are 7040%and6.94% for PM and LD,
respectively.This small differencein collagensolubility
cannot explain the differences between8.71and 18.15
Ib of shearforce.Of all the parametersexaminedin this
experiment,averagefiber size is theonly basison which
the differences between these muscles could be ex-
plained.Wehaveconsistentlyobservedtheeffectof fiber
size on meat tenderness regardless of breed or sex.
However,at this point, we cannot offer an explanation
for the relationship between fiber size and meat
tenderness.
Table1-Moisture,fat,collagen,andshearforceof
Longissimusdorsi(LD),Bicepsfemoris(BF),and
Psoasmajormuscles(PM)
LD
72.51a
3.89a
14.00a
3Aoa
6.94a
18.15a
Moisture, %
Fat, wet basic, %
Fat, dry basic, %
Total collagen, mg/g
Soluble collagen, %
Shear force, Ib
day 1
Shear force, Ib
day 7
SF
74.23a
2.33b
8.99b
6.16b
5.05b
13.55b
PM
72.95a
4.56a
16.60a
2.23c
7Aoa
8.71c
10.90a 10.30a 8.40a
'bcMeanswith different superscripts within a row differ (P <.05).
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In termsof agingresponse,LO hadthehighestaging
response, followed by BF, while PM basically did not
change from day 1 to day 7. In attemptsto understand
the differences betweenLO and PM, we measuredthe
activitiesof twowell-knownclassesof muscleproteases.
It hasbeenpostulatedthatoneclass of theseproteases
or theirsynergisticactionis responsiblefor postmortem
tenderizationof meat. It is logical to assume that the
class of protease responsible for postmortemaging
should havehigh activity in the muscle with a high ag-
ing responseand vice versa.The resultsof this experi-
ment indicatethat, regardlessof the magnitudeof ag-
ing response,theactivitiesof cathepsinsB, Hand B +L
Table2-Ca2+. activatedproteases,theirinhibitor,
and catheptic enzymeactivity in Longissimus
dorsi (LD),Bicepsfemoris(BF),andPsoasmajor
(PM) muscles
COP-Id
COP-lie
Inhibitor!
LD
91.35a
108.02a
-152.44a
PM
49.70°
50.40°
-90.20b
BF
60.63b
79.87b
-148.57a
CathepsinB9
unsedimentable
fraction
sedimentable
fraction
17.25a 22.09a 22.08a
1.80a 1.63a 2.23a
CathepsinH9
unsedimentable
fraction
sedimentable
fraction
48.83a 45.73a 42.99a
10.23a 9.04a 9.67a
CathepsinL+B9
unsedimentable
fraction
sedimentable
fraction
41.58a 41.78a 37.55a
3.98a3.80a 4.71a
abcMeanswith different superscript within a row differ (P <.05).
"Low calcium-requiringcalcium-dependentprotease(A"al200g muscle).
'High calcium-requiringcalcium-dependentprotease(A2,al200g muscle).
'Inhibitor of CDP-I and CDP-II (A2,al200g muscle).
.Units/mln/mgof protein.
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werebasicallythesameforallthreemuscles.However,
in thecaseof COP,its activityfollowedthesamepat-
ternasagingresponse.Basedontheresultsof thisex-
perimentandothers,itwasconcludedthatinitiallevels
ofCOP-Iactivitydeterminetheagingresponseofagiven
muscle.
If indeedour hypothesisis correctand COP.1is
responsibleforpostmortemaging,thenits inactivation,
orpostmortemhandlingof thecarcassestoprovideun-
favorableconditionsforitsactivationshouldpreventthe
postmortemaging.Wearenowaddressingthisparticular
pointbyattemptingtodeactivateCOP-Iinanimalsand
thenexaminingpostmortemchanges.
Table 3-Sarcomere length and
characteristicsof Longissimus
Biceps femoris(BF), and Psoas
muscles
fiber type
dorsi (LD),
major (PM)
LD BF PM
Sarcomerelength 1.68a 2.15b 3.55°
( \.1m)
Area of white 6140.50a 5077.37b 2230.12°
fiber ( \.Im)
Area of inter- 3831.25a 3382.12a 1524.62b
mediatefiber
(}.Im)
Area of red 3029.12a 2638.00a 1460.62b
fiber (}.Im)
White fiber (%) 40.38a 45.18a 38.37a
Intermediate 28.58a 24.37a 16.34b
fiber (%)
Red fiber (%) 31.03a 30.43a 45.28b
Averagefiber 4333.62a 3699.17b 1737.45°
area( \.1m)
abcMeanswithdifferentsuperscriptswithina rowdiffer(P" .05).
